
Module 1: Basics of DNA and 
DNA self-assembly 

CSE590: Molecular programming and neural 
computation 
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Double-stranded DNA 

Biological DNA stores hereditary information 
 
Width of the double helix: 2nm 
Distance between base pairs: 0.34 nm 
 
Carsonella rudii  (smallest non-viral genome): 160,000 bp 
Human genome: 3.2 Billion bp 
Lungfish (largest vertebrate genome): 130 Billion bp 
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DNA nucleotides 
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DNA directionality 
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= 5’-CAG-3’ 

A DNA strand 

The strand sequence  



Watson Crick base paring 
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Double-stranded DNA 
representations 
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DNA double helix
DNA sequence 
representation

Domain 
representation

The double helix consists of two DNA strands with complementary 
sequences (base pairs:  A:T, C:G ) and with opposite orientation
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DNA can be commercially 
synthesized  
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Single-stranded DNA with any sequence can be commercially synthesized
length up to ~200 bases, cost: ~50 cents/base, 1 nMole (1015) per order,  same-day synthesis

DNA sequence 1:
5’-ATTCAGATCCACCCAAAGAG-3’

DNA sequence 2:
5’-CTCTTTGGGTTCCCAAATGT-3’

DNA sequence 3:
5’-ACATTTGGGAGGATCTGAAT-3’



Reverse complementarity 
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5’-AAAAA-3’ 
 
 
5’-AACCC-3’ 
 
 
5’-CTGGACTAGAATT-3’ 

Find the reverse complement of the following sequences: 



DNA hybridization (binding) 
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1: 5’-CACACACA-3’ 
 
2: 5’-TTTTTTGTGTGTG-3’ 
 
3: 5’-GTGTGTGT-3’ 

What happens when these strands are  mixed in a test tube? 



DNA hybridization (binding) 
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1: 5’-TTTTTT-3’ 
 
2: 5’-CACACACANNNNNAGAGAGAG-3’ 

What happens when these strands are  mixed in a test tube? 



DNA hybridization (binding) 
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1: 5’-ATTCAGATCCACCCAAAGAG-3’ 
 
2: 5’-CTCTTTGGGTTCCCAAATGT-3’ 
 
3: 5’-ACATTTGGGAGGATCTGAAT-3’ 

What happens when these strands are  mixed in a test tube? 



test tube with reaction buffer (water + salt) 

DNA hybridization (binding) 



test tube with reaction buffer (water + salt) test tube with reaction buffer (water + salt) 

Single-stranded DNA is flexible 

DNA hybridization (binding) 



test tube with reaction buffer (water + salt) test tube with reaction buffer (water + salt) 

Complementary single-stranded domains bind (hybridize) to each other. 
Formation of base pairs is energetically favorable and drives the reaction 
forwards 

DNA hybridization (binding) 



DNA is programmable: sequence determines interactions 

test tube with water + salt, 109 copies of each molecule 

DNA is a programmable material 



Are we really doing this by hand? 

www.nupack.org 













Amounts and concentrations 

11.6 nMoles 



Amounts and concentrations 

What’s a Mole (unit)? 6.02x1023 molecules 
 
 11.6 nMoles = 11.6 x 10-9 x 6.02x1023 molecules 
 
DNA reactions occur in an aqueous solution and it is 
convenient to think about concentrations rather than 
amounts. 
 
Concentration=Number/Volume (Unit: M, Molar=Mole/liter) 
 
How much water do you need to add to 11.6 nMoles of DNA 
to get a 100 uM (micro Molar) concentration? 
 
  
 



Outlook: Designing DNA structures 

So far, we analyzed sequence that were already given to us. 
But how can we design the sequences that correspond to a 
target structure? 
 
  
 


